SUMMARY: Combined use of molecular, ultrastructural and micromorphological data has been applied to taxonomic studies of unarmoured dinoflagellates particularly the Gymnodinium species-complex. Characters considered important at the genus level are: apical groove structure, presence/absence of nuclear chambers and the presence/absence of a nuclear fibrous connective linking the flagellar appa ratus with the nucleus. Three new genera have been erected, Akashiwo, Karenia, and Karlodinium.
INTRODUCTION
The dinoflagellates comprise a group of mainly uni cellular organisms. They occur in all aquatic habitats. Most species are free-living, though some species live as parasites e.g. in copepod eggs, ciliates or even other dinoflagellates. Others species live as endosymbionts in e.g. corals, clams and foraminiferans, the so-called zooxanthellae. Historically, both botanists and zoolo gists have studied the dinoflagellates since about half of the ca. 2000 described species are 'plant-like' i.e. have chloroplasts and derive their major energy from photosynthesis while the remainder are 'animal-like' i.e. get their energy by ingestion of particulate organic matter primarily other unicellular organisms. Today the dinoflagellates are most commonly classified in the kingdom Protista, a polyphyletic assemblage of mainly unicellular organisms'). The dinoflagellates possess a number of unique morphological and cytological features, which distinguish them from other protist groups. Perhaps the most distinctive feature is the nucleus, the so-called dinokaryon, with large chromo somes that are condensed throughout the cell cycle and visible in the light microscope . The dinoflagellates are perhaps best known by the general public by the fact that a number of species are capable of producing toxins that may result in human and/or faunal intoxi cation. Discrimination of toxic from non-toxic species is essential in monitoring harmful algal events, and ta xonomy and phylogeny of harmful algae has become an important field not only from an academic but also from a practical point of view .
The dinoflagellates may be divided into armoured and unarmoured species , with toxic representatives in both groups. The armoured species possess a number of membrane-bound cellulosic plates below the plas malemma, together making up a wall-like layer termed the amphiesma. In unarmoured species the amphies mal vesicles appear empty or contain only delicate plate or membrane-like material not homologous with the plates of the thecate species. Unarmoured species also have a considerably higher number of vesicles compared with thecate species.
The taxonomy of the armoured species is based on the number and arrangement of the thecal plates, whereas the taxonomy of the naked species has hith erto been based primarily on the relative size of the epi-and hypocone, and the cingular displacement (see Fig. 3 ). For example the only distinctive character between the two large unarmoured genera Gymno dinium and Gyrodinium has until recently been cingu lar displacement, a displacement of less than 20% of the cell length in Gymnodinium and more than 20% in Gyrodinium2 . However, in many species cingular dis placement is around this borderline, including many of the toxic species, making their generic affiliation diffi cult to establish. Culture studies of clonal strains have shown that considerable variation of cingular displace ment may occur3), indicating that cingular displace ment is not a good character for separating these two genera.
Recent progress in micro-morphological and ultra structural research and molecular phylogenies has made a more comprehensive characterisation of Gym nodinium possible and as a consequence the 'splitting off' of three new genera 4,1,6). A brief overview of these findings and techniques will be given in the follow ing.
MOLECULAR DATA
In the past decade tremendous developments in mole cular techniques have occurred. A particularly valu able tool for the molecular systematist is the PCR method (Polymerase Chain Reaction) as this technique has made it possible to select and amplify a particular gene. In principle only DNA from a single cell is needed as the selected region of the genome is ampli fied a billon-fold. Genes encoding for fundamental functions of the cell, like the ribosomal RNAs, are particularly conservative and therefore useful for phy logenetic inferences. Several different methods exist for phylogenetic analysis and tree-building based on nucleotide sequence data (e.g. neighbour joining-, maximum likelihood or maximum parsimony me thods). For example the maximum parsimony methods select the phylogenetic tree that requires the smallest number of evolutionary changes (nucleotide substitu tions) to explain the differences among the taxa stu died.
In dinofiagellates, phylogenetic trees inferred from SSU rDNA (small subunit ribosomal DNA) and LSU rDNA (large subunit ribosomal DNA) sequences have been used to study dinoflagellate affiliations to other protist-groupse.g.7) as well as relationships between spe cies and strainse.g.8a). Recently a number of studies have also been directed towards the study of relationships between major dinofiagellates lineagese.g. 4, 5, 9) The phylogenetic tree of Daugbjerg et a1.4) inferred from partial sequencing of LSU rDNA (822 base pairs) is reproduced as Fig. 1 . The two species formerly known as 'Gyrodinium aureolum' (now considered to be sy nonymous with Karenia mikimotoi)see 6) and Gyrodi nium impudicum are not related to each other indica ting the polyphyly of Gyrodinium. Species of Gym nodinium and Gyrodinium form a large unresolved Glade (boostrap value below 50%) consisting of three well-supported groups, indicated by high bootstrap values. As outlined below these groups are also sup ported by ultrastructural and micromorphological data. One group includes the type species of Gymnodinium, G. fuscum and is therefore considered as the Gymno dinium sensu stricto group. It also includes the highly toxic Gymnodinium catenatum and what is consid ered to represent the 'real' Gymnodinium aureolum (= Gyrodinium aureolum)S 6). Another group consists of the neurotoxic Gymnodinium breve and the ichthyo toxic G. mikimotoi, which is a sister group to Gymno dinium galatheanum, also a fish-killer. This assem blage is now considered to represent two genera, Kare nia and Karlodinium, respectively. Finally a third group comprises Gymnodinium sanguineum well known for its ability to form red tides though these have not with certainty been associated with any toxic events. This species has been transferred to the new genus Aka shiwo.
ULTRASTRUCTURAL DATA Transmission electron microscopy has since the begin ning of the 1960s been an indispensable tool in the study of protist diversity, phylogeny and taxonomy . Particular structures related to the flagella (e.g. fla gellar roots, transitional region, flagellar scales) have been successfully used in phylogenetic studies of e.g. the green algaee.g.10). The flagellar apparatus (FA) of dinoflagellates has been less studied. The pioneering work of Roberts and co-workerse.g.11) revealed the basic architecture of the dinoflagellate FA. It was observed that a large multi-membered microtubular root (RI) connects with the basal body of the longitudinal flag ellum (LB) and two single-membered microtubular (R3 and R4) and one striated root (TSR) are associ ated with the basal body of the transverse basal body (Fig. 2) . A number of small fibrous connectives inter link the various components of the FA. However, the phylogenetic significance of most details is unknown due to lack of adequate comparative data. Hansen and co-workers subsequently made comparative stu dies of certain gonyaulacoid dinoflagellates, includ ing the toxic Alexandrium catenella, but no certain go nyaulacoid features were found12,13,14,15). Though a new microtubular root associated with the LB (R2) was originally thought to be unique to the gonyaulacoids, this root was subsequently observed also in Peridinium cinctum16). Interestingly, the studies revealed that the ultrastructure of Peridiniella catenata differed signi ficantly from other gonyaulacoid dinoflagellates both with respect to structure of the pyrenoid and pusule, trichocyst size, the presence of a 'scale-like' outer layer on the cell and by the absence of the R2 root. It was suggested that Peridiniella catenata is not closely related to the gonyaulacoid lineage15), and this has been confirmed by LSU rDNA sequence studies4) (Fig.  1) . Fine structural examinations of the unarmoured species have revealed some interesting features perti nent to gymnodinoid species, including the type spe cies Gymnodinium fuscum17, 18, 19) Thus the nuclear envelope of this group is characterised by the presence of peculiar 'nuclear chambers' and the nuclear pores are restricted to these chambers. Another characteris tic of gymnodinoids is the presence of a large electron- dense fibre linking primarily the R1 flagellar root with the nucleus (Fig. 2) . The type species of Gyrodinium spirale lacks a nuclear connective (NFC) and has a nuclear capsule with a complicated ultrastructure, indi cating that Gyrodinium is not closely related to Gym nodiniumG. Hansen unpubl. obs.) Preliminary observations on the ultrastructure of Karenia mikimotoi reveal that this species has a normal nuclear envelope and no NFC. Hansen unpubl, obs.) and the same applies to Karlodinium micrum (=Gymnodinium galatheanum sensu Kite & Dodge 20))11 & K.R. Roberts pers. com.) However, Karlodinium differs from Karenia in the presence of peculiar plug like structures in the amphiesma4, 22). Although Karenia and Karlodinium have the same photosynthetic pig ments, fucoxanthin and fucoxanthin derivatives rather than peridinin typical of most other dinoflagellates, their pyrenoids are slightly different. This is in agree ment with plastid 16S rDNA sequences which indi cate that the chloroplasts of K. brevis and K. mikimotoi are more closely related to each other than to Karlodi nium micrum. The chloroplast in all three species have a haptohyte origin 23). Akashiwo sanguinea lacks nuclear chambers but has a distinct electron dense layer beneath the nuclear envelope24). A NFC is also missing. Preliminary obser vations on the flagellar apparatus have revealed an unu sual multilayered structure associated with the anterior part of the R1 root"), Alltogether these features sug gest that this species is not closely related to Gymno dinium or Karenia.
MICROMOPHOLOGICAL DATA
Traditionally the unarmoured dinoflagellates have been studied using conventional light microscopy. As the organisms are very delicate and difficult to preserve it is essential that observations are made on live mate rial. Such observations may provide important infor mation on the cell shape, cingular displacement and the shape and location of internal structures e.g. the nucleus, the chloroplasts and the pyrenoids. How ever, improvements in the preparation of unarmoured dinoflagellates for scanning electron microscopy have revealed details in the surface morphology not nor mally visible in the light microscope. Of particular interest is the presence of a furrow in the apical part of the cell, usually termed the apical groove. This furrow was in fact originally observed in the light microscope by Biecheler26), using a special silver staining method, and termed the acrobase. Use of scanning electron microscopy, notably by Takayama27. 26), has revealed a surprising diversity of the apical grooves in a number of unarmoured dinoflagellates. Nevertheless, the phy logenetic significance of this diversity has been unclear until recently. With the recent progress of molecular and ultrastructural data the significance of groove diversity has now become clearer, at least in some groups. Thus, Gymnodinium species possess a horse shoe or hook-shaped groove running in a counter clockwise direction around the cell apex. In Akashiwo the groove runs clockwise and has a somewhat com plicated loop shape. A straight groove characterises species of Karenia, and the type species Gyrodinium spirale has a small elliptical apical groove encircling the apex, perpendicular to the long axis of the cells.
CONCLUSION
The combined use of molecular, ultrastructural and micromorphological data have proved to be a power ful tool in taxonomical and phylogenetic studies of dinoflagellates in general and unarmored species in particular. Thus Gymnodinium sensu stricto has been redefined to comprise species with a horseshoe-shaped anticlockwise apical groove, nuclear chambers and a NFC. The genus Karenia and Karlodinium contain the neurotoxic and fishkilling species formerly known as Gymnodinium breve, G. mikimotoi and Gymnodinium galatheanum. They are characterised by the presence of a straight apical groove, a normal nuclear envelope, absence of a NFC, and the presence of fucoxanthin and fucoxanthin derivatives as major carotenoid pig ments. Karlodinium differs from Karenia in the pres ence a ventral pore and by plug-like structures in the amphiesma. The genus Akashiwo contains the red tide forming organism formerly known as Gymnodinium sanguineum, which differs from the above genera in the presence of a clockwise curved apical groove and in ultrastructural details of the nucleus and flagellar apparatus. 
